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I N T R O D U C T I O N  

Space r a d i a t i o n  doses  e n c o u n t e r e d  i n  low a l t i t u d e  
ear th  o r b i t  have  become c r i t i c a l  i n  t h e  d e s i g n  and p l a n n i n g  
o f  ex tended  m i s s i o n s .  Most o f  these  doses  are produced by 
e n e r g e t i c  p r o t o n s  t r a p p e d  i n  t h e  e a r t h ' s  magne t i c  f i e l d .  Dose 
r a t e s  have been  c a l c u l a t e d  f o r  t h e s e  t r a p p e d  p r o t o n s  as func-  
t i o n s  of s h i e l d i n g ,  o r b i t a l  a l t i t u d e  and i n c l i n a t i o n .  The 
c a l c u l a t i o n s  show that  t h e  dose i n c r e a s e s  r a p i d l y  w i t h  a l t i -  
t u d e  and t h a t  t h e  o r b i t a l  i n c l i n a t i o n s  u s u a l l y  c o n s i d e r e d  
b e c a u s e  of  t h e  l a t i t u d e  of t h e  l aunch  s i t e  are  e s s e n t i a l l y  
w o r s t  c a s e s .  Some c o n s i d e r a t i o n  i s  g i v e n  t o  t h e  problem of 
t r a d e o f f  between s e v e r a l  v a r i a b l e s  a f f e c t i n g  d o s e  r a t e s .  

CALCULATIONS 

While t h e  t o t a l  r a d i a t i o n  d o s e  accumula ted  w i l l  i n -  
c l u d e  c o n t r i b u t i o n s  from cosmic r a y s  and p o s s i b l y  s o l a r  p r o t o n s ,  
most of  t h e  dose  i s  e x p e c t e d  t o  b e  produced b y  t r a p p e d  p a r -  
t i c l e s .  V e t t e ' s  t a b u l a t i o n s  o f  e n e r g e t i c  p r o t o n  and e l e c t r o n  
f l u x  i n t e n s i t i e s  have  been  used f o r  t h e s e  c a l c u l a t i o n s  ( R e f -  
e r e n c e  1). S i n c e  t h e  e l e c t r o n  induced  d o s e ,  u s i n g  t h e  1 9 6 8  
e l e c t r o n  envi ronment  (Refe rence  2) ,  i s  s i g n i f i c a n t l y  l e s s  
t h a n  t h e  p r o t o n  d o s e  f o r  s h i e l d s  t h i c k e r  t h a n  about  0 . 3  g/cm2, 
o n l y  p r o t o n  d o s e s  a re  i n c l u d e d  i n  t h e  r e s u l t s .  

The d o s e  v a l u e s  g i v e n  a re  p o i n t  d o s e s  e v a l u a t e d  f o r  
energy d e p o s i t i o r ;  ir ;  human t i s s u e .  The e~e_pgy d e p o s i t i o n  i n  
bone would b e  a b o u t  5% l e s s ,  i n  f i l m  a b o u t  30% l e s s .  The 
s h i e l d i n g  i s  p r o v i d e d  by s p h e r i c a l  s h e l l s  of  aluminum. R e -  
placing t h e  ~luminium b y  other mater ia l s  i s  d i s c u s s e d  i n  R e f -  
e r e n c e  4 .  S i n c e  body s h i e l d i n g  i s  n o t  i n c l u d e d  i n  t h e s e  
c a l c u l a t i o n s ,  s k i n  d o s e s  a r e  a p p r o x i m a t e l y  h a l f  o f  t h e  d o s e s  
g i v e n  he re .  BFO d e p t h  doses  c o r r e s p o n d  t o  a n  a d d i t i o n a l  s h i e l d  
o f  5 gm/cm2. 

The b i o l o g i c a l  e f f e c t i v e n e s s  of t h e  r e s u l t i n g  d o s e s  
was i n c l u d e d  by c a l c u l a t i n g  REM d o s e s ,  i n  a d d i t i o n  t o  Rad d o s e s ,  
based on RBE v a l u e s  g i v e n  i n  Refe rence  5 .  Average v a l u e s  of  
RBE r a n g e  from 1.1 - 1 . 4  i n  the  c a s e s  c o n s i d e r e d  he re ,  i n -  
c r e a s i n g  as s h i e l d  t h i c k n e s s  d e c r e a s e s .  
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RESULTS 

The dependence o f  t h e  dose  on s h i e l d  t h i c k n e s s  i s  
shown i n  F i g u r e  1. The e f f e c t i v e n e s s  of  a n  a d d i t i o n a l  i n c r e -  
ment of  s h i e l d i n g  material  d e c r e a s e s  as the  o v e r a l l  t h i c k n e s s  
i n c r e a s e s .  This means t ha t  a f t e r  the  s h i e l d  i s  i n c r e a s e d  
above  a b o u t  1 gram/cm2, i t  i s  d i f f i c u l t  t o  d e c r e a s e  t h e  d o s e  
g r e a t l y  b y  add ing  a d d i t i o n a l  mass. 

I n  o r b i t s  r e a c h i n g  l e s s  t h a n  a b o u t  6 0 0  n a u t i c a l  
miles above t h e  s u r f a c e  of t h e  e a r t h ,  i n t e n s e  f l u x  r a t e s  a re  
e n c o u n t e r e d  o n l y  i n  t h e  r e g i o n  known as t h e  South  A t l a n t i c  
anomaly.  This r e g i o n  i s  c e n t e r e d  a t  a b o u t  35" S l a t i t u d e  and 
35" W l o n g i t u d e .  I t  i s  d e s c r i b e d  i n  somewhat more d e t a i l  i n  
R e f e r e n c e  3 ,  and i s  c h a r a c t e r i z e d  by  a r a p i d  i n c r e a s e  i n  
a v e r a g e  f l u x  r a t e  w i t h  i n c r e a s i n g  a l t i t u d e .  T h i s  a l t i t u d e  
dependence i s  shown i n  F i g u r e s  3 and 4 .  It  s h o u l d  b e  k e p t  
i n  mind t h a t  t h i s  dose  i s  no t  a c o n s t a n t  d o s e ,  b u t  r a the r  a 
p u l s a t i n g  d o s e ,  b e i n g  s i g n i f i c a n t  on ly  w h i l e  t h e  s p a c e c r a f t  
i s  i n  t h e  v i c i n i t y  of t h e  anomaly. S i n c e  t h e  t i m e  s p e n t  i n  
t h e  anomaly does  n o t  change r a d i c a l l y  as t h e  o r b i t a l  i n c l i n a -  
t i o n  i s  i n c r e a s e d  once i t  has  r e a c h e d  abou t  35", t h e  a v e r a g e  
d o s e  r a t e  i s  r e l a t i v e l y  independent  o f  i n c l i n a t i o n  f o r  v a l u e s  
above  30" .  'This i s  shown i n  F i g u r e  5 f o r  s e v e r a l  a l t i t u d e s .  
Fo r  o r b i t a l  i n c l i n a t i o n s  l e s s  t h a n  abou t  15", t h e r e  shou ld  b e  
l i t t l e  dose  e n c o u n t e r e d .  

For  t h e  purposes  of s t u d y i n g  t r a d e o f f s ,  i t  i s  con- 
v e n i e n t  t o  c o n s i d e r  a c a n d i d a t e  o r b i t  and l o o k  a t  t h e  e f f e c t  
o f  v a r y i n g  t h e  pa rame te r s  a f f e c t i n g  t h e  d o s e .  The model con- 
f i g u r a t i o n  chosen  i s  a s p a c e c r a f t  w i t h  1 g/cm2 s h i e l d  t h i c k n e s s  
i n  a c i r c u l a r  o r b i t  w i t h  a l t i t u d e  of 270  n.m. and i n c l i n a t i o n  
o f  50".* F i g u r e s  6, 7 and 8 show t h e  d o s e  dependence on o r b i t a l  
i n c l i n a t i o n ,  a l t i t u d e  and s h i e l d  t h i c k n e s s ,  r e s p e c t i v e l y .  

For  t h e  purposes  of t r a d e o f f  c a l c u l a t i o n s  i t  w i l l  
b e  c o n v e n i e n t  t o  u s e  mathemat ica l  e x p r e s s i o n s  f o r  t h e  dose-  
s h i e l d i n g - a l t i t u d e  r e l a t i o n s h i p s .  The c u r v e s  i n  F i g u r e s  7 
and 8 i n d i c a t e  t h a t  t h i s  i s  p o s s i b l e  w i t h  a t  l e a s t  50% accu-  
r a c y .  Fo r  t h e  a l t i t u d e  dependence, t h e  e x p r e s s i o n  

h,? - ? n  ( 
D.R. = .0178 e h / 6 7  = e 6; ' " )  

d e s c r i b e s  t h e  r e l a t i v e  dose  r a t e  dependence on a l t i t u d e  i n  
t h e  r a n g e  200-300 n.m. I n  t h i s  e x p r e s s i o n  h i s  e x p r e s s e d  i n  
n.m. This e x p r e s s i o n  co r re sponds  t o  t h e  c u r v e  f o r  1 g/cm2 
i n  a 30" o r b i t  i n  F i g u r e  7. For  t h e  dependence o f  r e l a t i v e  
d o s e  r a t e  on s h i e l d  t h i c k n e s s ,  T ,  t h e  e x p r e s s i o n  

D. R. = T - * 8 7  

( c o r r e s p n d i n g  t o  t h e  300 n.m., 30" c u r v e  i n  F i g u r e  8 )  g i v e s  
a good f i t  t o  a l l  o f  t h e  c u r v e s .  

*The nominal  o r b i t  f o r  t h e  S a t u r n  V Workshop s t u d i e s .  
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Combining t h e s e  express ,ons w i t h  f ( A )  g i v e n  i n  
F i g u r e  6 ,  t h e  dose  r a t e  i n  any o r b i t  w i t h  a n  a r b i t r a r y  s h i e l d  
t h i c k n e s s  i s  g i v e n  by 

h - 2 7 0  
D. R .  = 0 . 8  rad/day f ( A ) T - - 8 7 e ( - r )  

Us ing  s e l e c t e d  dose  l i m i t s  a l l ows  one t o  f i n d  combina t ions  
of a l t i t u d e  and s h i e l d  t h i c k n e s s  which w i l l  p e r m i t  t h e  a l l o w a b l e  
d o s e .  
t h e  e x p r e s s i o n  

For  t h e  example of .2  rad /day  f o r  600  days  and A=50°, 

) 
h - 2 7 0  

- 2  = - 8  F . 8 7 e ' r  

p r o v i d e s  t h e  t r a d e o f f s  between T and h .  

CONCLUSIONS 

The c a l c u l a t i o n s  i n d i c a t e  t h a t  a s p a c e c r a f t  w i t h  
a n  e f f e c t i v e  t h i c k n e s s  of about  1 gram/cm2 aluminum w i l l  
p r o v i d e  s u f f i c i e n t  p r o t e c t i o n  f o r  a man i n  t h e  200-300 n.m. 
r e g i o n  f o r  m i s s i o n s  o f  moderate  l e n g t h .  Thinner  s p a c e c r a f t  
s u c h  as t h e  Lunar Module w i l l  be  i n a d e q u a t e  f o r  c o n t i n u o u s  
o c c u p a t i o n  f o r  t h e  e n t i r e t y  o f  such  a m i s s i o n .  For f i l m s ,  
which may b e  more s e n s i t i v e  t o  p a r t i c u l a t e  r a d i a t i o n  t h a n  
man, s i g n i f i c a n t  e x t r a  s h i e l d i n g  may b e  r e q u i r e d .  

1011-RHH-cb 

At tachments  
F i g u r e s  1 t h r u  8 

R .  H .  Hi lbe& 
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ORBITAL ALTITUDE, NM 
FIGURE 2 - ALTITUDE DEPENDENCE OF TRAPPED PROTON DOSES I N  CIRCULAR 

ORBITS - 30' INCLINATION 
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FIGURE 3 - ALTITUDE DEPENDENCE OF TRAPPED PROTON DOSES IN 
CIRCULAR ORBITS - 60" INCLINATION 
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FIGURE 4 - ALTITUDE DEPENDENCE OF TRAPPED PROTON DOSES IN CIRCULAR 
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F I G U R E  5 - CIRCULAR O R B I T  DOSE R A T E  DEPENDENCE ON O R B I T A L  I N C L I N A T I O N  
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O R B I T A L  I N C L I N A T I O N  

F I G U R E  6 - DEPENDENCE O F  TRAPPED PROTON DOSE ON O R B I T A L  I N C L I N A T I O N .  T H E  
CURVE I S  NORMALIZED TO U N I T Y  FOR A C IRCULAR O R B I T  A T  500 
I N C L I N A T I O N ,  270 NM A L T I T U D E  AND W I T H  I g/cm ALUMINUM S H I E L D I N G  
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FIGURE 7 - DEPENDENCE OF TRAPPED PROTON DOSE ON ORBITAL ALTITUDE. 
THE CURVES ARE NORMALIZED TO UNITY FOR 270 NM ORBITAL 
ALTITUDE 
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F I G U R E  8 - DEPENDENCE OF TRAPPED PROTON DOSE ON S H I E L D 2 T H I C K N E S S .  T H E  CURVES 
ARE NORMALIZED TO U N I T Y  FOR ONE GRAM PER CM ALUMINUM 


